The viability of microblade-bisected Day-7 embryos transferred to recipients without zona pellucidae directly after splitting or after overnight storage at 4°C was investigated in two experiments. In Experiment 1, 26 demi-embryos of excellent or good quality and two of fair quality were transferred to 28 heifer recipients 1-3 h after splitting. The transfers resulted in 20 pregnancies (71.4% pregnancy rate), and 19 calves were born (one pregnant heifer was slaughtered). Another 14 demi-embryos were cultured 1 to 3 h at room temperature, transported for 3 h at 8-10°C and stored for 12 h in a refigerator at 4°C, Twelve of the 14 demi-embryos were considered transferable after storage and nine of these were transferred to nine recipients, of which five became pregnant. Four live calves were born. In Experiment 2, 21 excellent or good quality demi-embryos were transferred into 21 heifer recipients to produce 12pregnancies (57.1%) and 10 live calves. Another 19 demi-embryos (17 excellent to good quality and two fair quality) were transferred after storage for 1-2 h at B°C and 18 h at 4°C. Five recipients became pregnant, of which four delivered live calves.
ntroduction
The number of calves from valuable donors can be increased and genetically identical twins produced by bisecting cattle embryos. The success of the microsurgical methods used is based on the capability of the bovine demi-embryo to develop and form a calf after transfer into the uteri of recipients (Ozil et al. 1982) . In recent years, attention has been paid to the development of rapid and simple splitting techniques reliable Bredbacka, P. el al. Viability offresh and refrigerated demi-embryos enough to allow wide use in commercial embryo transfer (ET) (Williams and Moore 1988. Bredbacka et al. 1995) .
The highest pregnancy rates following transfer of demi-embryos have been achieved after splitting Day 7 embryos at the late morula and early blastocyst stages (Williams et al. 1984) with the survival rate being similar to or only slightly lower than that following transfer of fresh whole embryos (Leibo and Rail 1987 , Williams and Moore 1988 , Seike et al. 1989 . The large volume of published data on demi-embryo survival after non-surgical single transfers suggests that about half of the transfers result in pregnancy. Since many discouraging results have probably remained unpublished, this may be an overestimate. Survival rates as high as 72.9% have been reported for a large number of transfers (Seike et al. 1989) . A combination of freezing and thawing with splitting has, however, resulted in poorer in vitro survival (Rorie et al. 1986 , Takeda et al. 1987 and relatively low pregnancy rates Chesné 1984, Schmidt et al. 1992) . Overnight storage of bisected embryos without freezing would allow transport of excess demi-embryos to other locations for transfer, an alternative that has not received much attention. With intact embryos, nine of 19 transfers of embryos refrigerated for 24 h resulted in pregnancies and seven of 21 recipients became pregnant following transfer of embryos refrigerated for 48 h (Jaakma and Miiiirsepp 1991) .
The purpose of our study was to investigate the viability of demi-embryos bisected on a farm with a rapid method using a microblade and transferred to recipients directly after splitting or after overnight storage at 4°C.
Material and methods

Embryo recovery
Two experiments were set up on Aravete farm in Estonia. Donor cows were treated first with FSH-P (Sobering Co.,USA) or Follitropin (Kaunas, Lithuania) and then with cloprostenol (Oestrophan, Czechoslovakia) to induce superovulation. Seven days after artificial insemination embryos were recovered using standard nonsurgical procedures. The uterine horns were flushed with Dulbecco's phosphate buffered saline (Jurievets, Russia) containing 1% foetal calf serum (Polva, Estonia). The embryos were collected from the flushing medium, rinsed several times and held in Dulbecco's phosphate buffered saline with 20% foetal calf serum (PBS+FCS) at room temperature (24-26°C). The same medium was used for bisection and storage up to transfer. Antibiotics were not added.
Embryo microsurgery
The embryos were classified using the criteria ofLindner and Wright (1983) . Late morulae, and early and late blastocysts of excellent (Grade 1) or good (Grade 2) quality were selected for splitting. One hydraulic micromanipulator (Narishige, Japan) and a microblade made of a razor blade (Williams and Moore 1988) were used in conjunction with a Leitz Diavert microscope. Each embryo was placed in a drop of medium on a plastic petri dish and fixed between the microblade and scratches made on the bottom of the dish with the microblade (Bredbacka 1991) to prevent the embryo from slipping during bisection. The embryos were cut into halves of equal size by pressing the blade vertically to the bottom of the dish. Blastocysts were bisected so that both the trophectoderm and the inner cell mass were halved. The bisections were completed at intervals of about 5 minutes. All demi-embryos were stored and transferred without a surrounding zona pellucida.
Transfer of fresh demi-embryos
In both experiments, each demi-embryo was nonsurgically transferred into the uterine horn ipsilateral to the corpus luteum of a heifer recipient syncronized with cloprostenol after 1 to 3 hours of culture in PBS+FCS at room temperature. All recipients were checked for the corpus luteum (CL) on the day of transfer; those without CL or with poor quality CL were excluded. The time elapsing between flushing the donors and transfer to recipients was 5.5-6.5 h. All splitting and transfer procedures were performed on the farm.
Transfer of refrigerated demi-embryos
In Experiment 1,some of the demi-embryos were cultured for 1 to 3 h in PBS+FCS at room temperature and then drawn into plastic straws (0.25 ml transparent semen straws, 1.M.V., L'Aigle, France) in PBS+FCS. The straws were placed in a box and transported for 3 h at 8-10°C to the laboratory in Tartu, where they were stored in a refrigerator for 12 h at 4°C. The demi-embryos were then examined morphologically under a microscope and graded as above (neglecting the loss of half of the embryo due to bisection). A selection of demi-embryos appearing viable was transferred to recipients as described above. The total storage time after splitting was 17-18 h.
In Experiment 2, some demi-embryos were kept for 1-2 h at 8-10°C in PBS+FCS in plastic straws, followed by 18 h storage in PBS+FCS at 4°C. The demi-embryos were evaluated and transferred as in Experiment 1. The total storage time after splitting was 22-24 h.
Results
Experiment I
The results of Experiment 1 are summarized in Table 1 . Thirty-five embryos, among them 23 (65.7%) of excellent or good quality compacted morulae or blastocysts were recovered. All excellent and good quality embryos were bisected, After bisection, 42 of 46 demi-embryos were of excellent or good quality and four were assessed as fair.
Twenty-eight demi-embryos, of which 26 were of excellent or good quality, were transferred to 28 recipients. These demi-embryos originated from 14 embryos, of which two were late morulae, 10 early blastocysts and two late blastocysts. Twenty of the transfers resulted in pregnancy as estimated by palpation per rectum 60 days after transfer, which constitutes 71.4% of the demi-embryos transferred. One pregnant heifer was slaughtered, and 19 calves were born (70.4% calving rate). Both halves of the embryo resulted in pregnancy on five occasions and five pairs of monozygotic twins were delivered (35.7% twinning efficiency).
Fourteen demi-embryos were stored overnight. One demi-embryo pair was unequally bisected and graded as fair; the remaining 12were split into demi-embryos of equal size. Of these, five were considered of excellent quality and seven of good quality before storage. After storage, the morphological quality of these 12 demiembryos had declined, eight being assessed as good and four as fair. The two demi-embryos evaluated after splitting as fair were not considered viable after storage. Within 2 h of evaluation, nine of the demi-embryos considered viable (seven good quality and two fair quality) were transferred to nine recipients. Of these, four of the seven receiving good quality demi-embryos and one of the two receiving demi-embryos of fair quality became pregnant. Three refrigerated embryos (one of good quality and two of fair quality) were not transferred. The overall pregnancy rate resulting from the transfer of demi-embryos stored as described above was 55.6%. Four live calves were produced from seven original embryos (0.57 calves per original embryo); one calf was stillborn.
Experiment 2
The results of Experiment 2 are summarized in Table 1 . Twenty-two excellent or good quality embryos were bisected from a total of 24 embryos to produce 44 demi-embryos. Of these, two were excluded because of unequal splitting and two due to a marked loss of quality. Thirty-eight of the remaining demi-embryos were of excellent or good quality and two were considered fair. Twelve pregnancies were established after transfer of 21 fresh, excellent to good quality demiembryos (57.1% pregnancy rate). Ten calves were born (47.6% calving rate).
Nineteen demi-embryos were refrigerated overnight, seven of them of excellent quality, 10 of good quality and two of fair quality. No morphological changes were observed after storage. Five of the 17 recipients receiving an excellent or good quality demi-embryo became pregnant. Neither of the two heifers receiving demi-embryos assessed as fair prior to refrigeration established pregnancy. Four of the 19 heifers receiving a refrigerated demi-embryo produced a calf. Five sets of identical twins were born, one of them originating from a pair of refrigerated demi-embryos.
Combining the results of both experiments yields an overall pregnancy rate of 35.7% for refrigerated demi-embryos, which is significantly lower than the 65.3% pregnancy rate achieved with the transfer of fresh demi-embryos (P=o.ol, 5C 2 -test).
Discussion
The data reported here demonstrate that simple and rapid embryo splitting with a microblade can be used to produce a high proportion of viable demi-embryos under farm conditions. Demiembryos received with this method and transferred directly to recipients resulted in a high pregnancy rate (65.3% overall). During the last 3 years the pregnancy rate after transfer of fresh whole embryos on the same farm by the same technicians has been 74.3% (105 heifer recipients) which is not significantly higher (P=0.25, y 2 -test) than the pregnancy rate for fresh demiembryos acieved in this study. The number of transfers was, however, too small to permit conclusions to be drawn about the viability of demiembryos derived from embryos at different developmental stages.
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to 48 hours does not significantly impair their ability to develop (Trounson et al. 1976 , BonDurant et al. 1982 , Lindner and Ellis 1985 . We have not, however, been able to obtain any data on the effect of storage of demi-embryos at low plus temperatures. Our results demonstrate a decrease in the viability of demi-embryos after overnight refrigeration. Twenty-eight of 33 refrigerated demi-embryos were transferred; 10 recipients became pregnant and eight calves were born.
The pregnancy rates in Experiment I were somewhat higher than those in Experiment 2. Although the difference was not significant (P=o.3 Moreover, the nutritional status of the animals was considered poorer in Experiment 2. Donor effects (Niemann 1991, Jaakma and Miiiirsepp 1991) may have further contributed to the difference between experiments. For instance, in Experiment 2, all five pregnancies from refrigerated embryos resulted from transfer of embryos from one donor, whereas none of the five transfers of demi-embryos from another donor established pregnancy.
Clearly, the pregnancy rates achieved by transferring cold-stored demi-embryos do not encourage embryo transfer practitioners to increase the flexibility of their working routines by refrigerating demi-embryos as a standard procedure. However, given the only moderate loss of viability in freshly transferred demi-embryos compared with that in intact embryos one should not overlook the feasibility of transferring one demi-embryo directly and the other half on another location on the following day. For instance, if two ET programmes were implemented 1 to 2 days apart and the embryo donors in the latter ET programme failed to respond to hormonal treatments, some of the demi-embryos bisected on the previous day in the first ET programme could be transported at 4°C for transfer into synchronized recipients of the second programme. The pregnancy rate in the previous ET programme would be only marginally lower than that with transfer of intact embryos, but still some of the recipients in the latter ET programme would become pregnant.
Another way of utilizing overnight refrigeration of micromanipulated embryos would be to send embryo biopsies to a laboratory for preimplantation diagnosis. The refrigerated embryos could then be transferred as soon as the results of the assay were available. Since biopsy of only a few cells is required for genetic analysis, biopsied embryos would be expected to have survival rates between to those for intact and demiembryos.
If demi-embryos have to be stored at +4°C before transfer, it may be advisable to use only excellent quality embryos for bisection, i.e. embryos with no visible defects. In Experiment 2 (which yielded the lower pregnancy rates), 16 of the original embryos were considered excellent. One of the splittings was unequal and two demi-embryos were therefore not transferred. Fourteen of the remaining 30 demi-embryos were transferred as fresh and 16 after refrigeration. Calving rates were 64% and 31% respectively, thus yielding 0.95 calves per original embryo (excluding the unequally bisected embryo). Such success should encourage further investigation into the feasibility of refrigerating one of two demi-embryos.
It is not enough to consider embryo quality alone, however; attention should also be paid to storage media and refrigeration temperatures. Furthermore, although our results confirm previous reports that the zona pellucida is not required for survival of Day-7 bovine demi-em-525 AGRICULTURAL AND FOOD SCIENCE IN FINLAND bryos (e.g. Seike et al. 1989, McEvoy and Sreenan 1990) , lack of the zona pellucida may impair the viability of refrigerated demi-embryos.
We conclude that pregnancy rates after transfer of zona-free demi-embryos produced by splitting Day-7 bovine embryos with a simple and rapid technique are, under ideal conditions, comparable to the results achieved by transfering fresh embryos. Overnight storage of demi-embryos in a refrigerator resulted in lower pregnancy rates. Nevertheless, refrigeration of demiembryos may be useful in certain situations, at least once storage conditions of demi-embryos have been improved.
